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1NTRODU~ION 

The main route to nitrogen dioxide (NOz) formation in combustion systems is through the 

oxidation of nitric oxide (NO). This process was originally invcstigafed in order to explain the high 

proportion of NOz found in NOx emissions from the exhaust of gas turbine engines [l]. Moreover, 

the understanding of the NO-NO2 conversion mechanism is relevant to a number of issues including 

NOz emission from unflued space heaters, development of NOx control technologies, behavior of 

NO/N02 in the atmosphere, formation and reduction chemistry of NOx, and the probe sampling 

techniques for NOx concentration measurements. Originally, the NO-NO2 conversion was thought to 

proceed through the rapid oxidation of NO by oxidative radicals without much attention to the effect 

of fuels on the conversion [2-41. Although, in later studies, it was revealed that the conversion was 

greatly promoted by small quantities of fuels such as hydrocarbons, Hz, CO, and methanol [S-9]. In 

our former experiment and model calculation of the NO-NO2 conversion in the mixing of hot 

combustion gas with cold air and nine different fuels [6], the results indicated that NO-NO2 conversion 

appeared only in the low temperature range, and showed a strong dependence on fuel type. Thus, the 

interaction between the NO-NO2 reactions and the oxidation reactions of the fuel in the low 

temperature range must be .understood in order to explain the effect of fuel type on the NO-NO2 

conversion and consequently to predict the NO/NO2 emission levels from combustion systems. 

The objective of the present study is to compare the experimental results obtained by using a 

simple reacting flow reactor with the calculated results of a detailed chemical model in order to 

understand the effect of hydrocarbon oxidation kinetics on the NO to NO:! conversion. The 

comparison is made in order to understand the NO-NO2 conversion dependence on hydrocarbon type 

and reaction temperature. Detailed chemical kinetic modeling of the NO-NO2 conversion in the 

presence of hydrocarbons has been previously reported for methane [lo, 111, and ethylene [12]. The 

prcscnt study focuses on the NO-NO2 conversion found in Cl to Q hydrocarbons, i.e., methane, 

ethylene, ethanc, propene, and propane. This problem is interesting not only in the area of NOx 

chemistry but also in low temperature hydrocarbon oxidation chemistry which has been investigated 

cxtcnsivcly in studies of engine knock, cool flames, and ignition phenomena [13-151. In the 

experiment, a probe measurement of species conccntlmtions was performed in an atmospheric flow 



reactor using a mixture of N0(20ppm)/air/hydrocarbon(SOppm). In the chemical kinetic 

calculations, the temporal evolution of NO, NOz, hydrocarbons and reaction intermediates for a series 

of hydrocarbon types and reaction temperatures is shown. The important chemical kinetic features 

that control the NO-NO2 conversion for each hydrocarbon type arc discussed. 

EXPERIMENTAL 

LCxperimenlal Appuralrts: 

The experiment was performed using a constant temperature quartz flow reactor. Dry air was 

supplied to an electric heater at the bottom end of the flow reactor znd the air was heated up to a 

desired reaction temperature. Just above the electric heater, an NO/hydrocarbon (balance Nz) mixture 

was doped as a counter-flow jet into the heated air stream. In the flow reactor, the initial 

N0(20ppm)/air/hydrocarbon(SOppm) mixture flowed up through the entrance section @mm i.d.) and 

into the test section (16mm Cd., 590mm length) as a reacting flow at constant temperature. The types 

of hydrocarbons selected were methane, ethylene, ethane, propene, and propane, and the reaction 

temperatures were controlled from 600K to 1100K. The uniformity of the species concentrations and 

temperature across the test section was confirmed before measurements were taken. The sample was 

withdrawn by a quartz sampling probe at eleven axial positions (which corresponded to residence times 

from 0.16 to 1.46sec) in the test section. To attain iso-kinetic sampling, the sampling probe was 

designed to have a larger inlet diameter than the diameter of the downstream sampling tube. The 

samples were analyzed by a chemiluminescent NO/NOx analyzer continuously and by three gas 

chromatographs with thermal conductivity detectors and a flame ionization detector with batch method. 

The species detected by the gas chromntographs were oxygen, nitrogen, hydrogen, carbon monoxide, 

carbon dioxide and five hydrocarbons selected for the experiment. 

According to the experimental results, the NOx concentration remains essentially constant with 

residence time for all the experimental conditions investigated, and thus the decrease (increase) in the 

NO concentration corresponds to the increase (decrease) in the NOz concentration. When the 



hydrocarbons were nol doped into the mixture, the NO2 concentration was below lppm and did not 

vary against the residence time. From these results, it is clear that only the NO-NO2 conversion 

occurs within the flow reactor, and that the formation of considerable levels of NOz is due to the role 

of hydrocarbon oxidation in the NO-NO2 conversion. 
Figure : 

Figure ; 
The variations of the NO-NO2 conversion with hydrocarbon type, that are shown as the 

NOu’NOx ratio against the residence time, are discussed at first. At the reaction temperature of 700K, 

only propane promotes the NO-NO2 conversion as shown in Figure 1. In this case, it was found that 

only propane was consumed up to 30% which resulted in the NOz/NOx ratio above 0.9. At 800K, 

four hydrocarbons except methane promote the NO-NO2 conversion, while, among them, ethylene and 

propane effectively oxidize NO to NOz, and ethane is less effective (see Figures 3 and 4 in the later 

section). Although at lOOOK, all five hydrocarbons promote the NO-NO2 conversion and the NOUNOx 

ratios decrease gradually in the later stage of the NO-NO2 conversion due to the reduction of NOz to 

NO as shown in Figure 2. In this case, it was found that the concentrations of five hydrocarbons 

decreased monotonically against the residence time. It is suggested from these experimental results 

that methane promotes the NO-NO2 conversion most weakly, and that the simple relationship is not 

found between the amount of hydrocarbon consumption and the level of the NOUNOx ratio. 

The effectiveness of hydrocarbons varies appreciably with reaction temperature and only 

within a low temperature range (see Figure 5 in the later section). Propane shows the greatest 

NO-NO2 conversion for the lowest temperatures and even methane and ethane show fairly large 

NO-NO2 conversion for the higher temperatures. The variations of the hydrocarbon consumption with 

the reaction temperature obtained in the experiment showed that the consumption was accelerated with 

increasing the reaction temperature. 

cwmlc~L KINETIC CALCULATIONS 

Nurrwicrrl Model: 

The numerical calculations were performed using the CHEMKIN-lI/SENKIN computer 

programs [16, 171. The SENKIN code was used to calculate the temporal evohltion of a 

homogcncous rcacfing gas mixture in an adiabatic system at constant prcssurc. ‘l‘hc detailed chemical 



model used in the numerical calculations was based on a hierarchical structure 
of hydrocarbon oxidation kinetics starting from hydrogen and building up to 
propane. The main portion of the detailed kinetics mechanism was taken from 
our previous modeling works of hydrogen [la], methane[l9], ethylene [20], 
ethane[l9], propane[21], and ethanol [22] flame chemistry. The chemical model 
was extended to include NOx chemistry and was primarily taken from GRI- 

MECH2.11 [23], Dean and Bozzelli [24], and Atkinson [25]. The chemical kinetic 
calculations performed for propane at temperatures less than ca. 800K by the 
above mechanism showed no fuel conversion. A low temperature chemistry 
submechanism was added to the above mechanism to achieve the amount of 
reactivity observed in the experiments. These reactions were taken from 
Bozzelli and coworkers [26,27] and involve the addition of molecular oxygen to 
hydroperoxy-propyl radicals which eventually lead to OH radical formation and 
chain branching. Thermodynamic properties of the chemical compounds were 
obtained from the CHEMKIN Thermodynamic database [28] or calculated by 
group additivity techniques as described by Benson [29] and fitted to a 
polynomial form using THERM [30]. The complete listing of the chemical kinetic 
mechanism used in the modeling portion of the study can be found in Table 1 
and may be obtained from the authors [31]. The detailed chemical kinetic model 
consisted of 639 reversible reactions and 126 species. 

In this section, the calculated results are compared to the experimental 
results. The N02/NOx ratio against the residence time at 800K is shown in 
Figure 3. The experiments indicate a small amount of NO is oxidized for 
methane and ethane, while the model suggests relatively little to no conversion 
for these fuels. The ethylene experimental data shows a fairly rapid rise in NO 
conversion at early residence times and slowly levels out with time. The 
calculation shows similar behavior although the N02/NOx ratio increases a little 
more rapidly at longer residence times. The propene experimental data shows 
a fairly linear increase in NO2 formation with time which is reproduced by the 
model calculation. Propane exhibits nearly the same measured N02/NOx 
profile as ethylene, although the calculation shows an over oxidation of NO at 
the early residence times than indicated by the experiment. There are a number 
of possibilitities that could account for this problem. The over 



<oxidation of NO. could he. due to the inadequate understanding of the propyl-02 isomcrization to :he 

hytlroperoxy-prtrpyl radical versus chcmicai aciivation of the propyl-02 ildduc: to propexe and I-102, 

thermochemical assignmcots in fhc propyl-02 and hytlroperoxy-propyl adducts etc. Figure 4 

Figure 4 shows the hydrocarbon consumption with residence time at 8OOK. The hydrocarbon 

concentration has been nonrlimensionalized to the initial hydrocarbon concentration of SOppm. 

Experimental results for methane and ethane are reproduced by the calculation and show very little 

hydrocarbon consumption with residence time. The experimental ethylene consumption profile is also 

well reproduced by the calculation. The propene experimental data shows a longer induction time 

prior to the start of its oxidation than indicated by the calculation. At longer residence times, the 

propene experimental consumption profile exhibits a linear change in concentration with residence time 

which is a similiar characteristic exhibited by the calculation. The modeling results for propane show 

an over oxidation of the fuel in comparison with the experimental data, and the causes for this 

disagreement have been previosuly discussed in connection to the over oxidation of NO with residence 

time. Figure 5 

The calculated change in the NOz/NOx ratio with temperature is compared to measurement in 

Figure 5. The NOUNOx ratios for five hydrocarbons are reasonably reproduced by the model, 

although the amount of NO oxidized to NO2 tends to be underpredicted at the highest temperatures of 

this study. The model was able to reproduce the low temperature NO-NO2 conversion behavior for 

propane, and the mechanism for this behavior will be discussed in the next section. 

Reaction flux calculations indicate that all five hydrocarbons oxidize NO to NO2 predominantly 

through the NO+H022 NOztOH mechanism for the operating conditions examined in this study. 

Alkyl, alkenyl or hydroxyalkyl plus molecular oxygen addition and subsequent stabilization of the 

adduct does not produce any appreciable concentration of these peroxy species which would otherwise 

convert the NO to NO2 via (ROz or HOROz)+NO 2 (ROtHORO)+-N02. This particular NO-NO;! 

conversion step was found to contribute less than 15% to NO-NO2 conversion at the lowest 

ternpcrature cxamincd. Our numerical calculations strongly suggest that the effectiveness of 





ethylene conversion to products. Ethylene is primarily consumed by OH radical to make CzH:? and 

l-120. The (Al-13 is oxidized by two competing pathways [33] and the net reaction schemes can be 

expressed as: 

(1) CzH3+02Ff CHzO+HCO (2) CzH3+02F! CHzHCO+O 

CHzOtOHZ HCOtHzO CH2HCOt02Z CH2OtCO+OH 

(2x) HCOtOzif CO+H02 

CzH3+302+OH 2 2COtHzO+ZH02 C2H3t02Z CH20+COtOH+O 

In reaction sequence (l), two HO2 molecules may form per ethylene consumed thus making this 

pathway effective in promoting NO to NO2. Reaction sequence (2) is an important chain branching 

pathway which sustains ethylene oxidation and allows ethylene to convert NO to NO2 at lower 

temperatures than ethane. Complete NO to NO2 conversion for ethylene oxidation is limited by NO2 

recycle back to NO via N02+OF? NO+02 and NOz+HOz$ HONO+ followed by HONOtM* 

NOtOHtM. The rate constant for N02+HOz direct H-atom abstraction has been measured over the 

temperature range considered in this study. Glanzer and Tree [34] report a rate constant of 1.1~10~~ 

cm’/mol/sec for the 1350-1700K temperature range. Tyndall et al. [35] report an upper limit to this 

reaction of 5.0x10* cm’/mol/sec .at 300K. We have used a rate expression of 6.31~10~T~~*~ 

exp(-ZS16WT) cm’/mol/sec which is in agreement with the aforementioned studies and has a 

comparable activation energy found for typical direct abstraction (metathesis) type reactions [29]. The 

highest temperatures examined in the ethylene case showed the conversion of NO to NO2 declining for 

the same reasons as discussed previously for the methane case. 

Ethane shows a greater NO-NO2 conversion relative to methane as indicated in Figures 3 and 

5. This is primarily due to the ease of producing HO2 from C2HstO2Z C2H4+1-102 and the 

subsequent radical production that occurs once C2H4 is consumed. Ethane is oxidized by OH to make 

C21-15 and I-120. The ethyl radical reacts with 02 and either collisionally stabilizes to the peroxy 

compound, Czl-1502, and/or foomms C2HhtHO2 through the chemically activated reactions of CzHstO2 

Z CZH~+HO~ or CzHs+O2F? CzHs02 followed by C2H5022 CzHsltHO2. The C2Hs+O2 T’c 



CzH4+HOz reaction exhibits an overall exothermicity of ca. 12kcal/mol and has no cncrgy barriers 

greater than the entrance channel’s incoming energy. The favorable thermodynamics portrayed in 

C2Hs+02ti CzH4tHO2 opposed to CHw022 CHz+HOz allows fool- rapid HO2 production in ethane 

oxidation while simultaneously consuming C2Hs thus limiting its participation in NO2 reduction 

kinetics via CzHs+N02ti CH3CHzOtNO. These are important differences when considering the 

NO-NO2 promotion effect between ethane and methane fuels, 

The NO-NO2 conversion in propenc oxidation lies in between ethylene and ethane as shown in 

Figures 3 and 5. The conversion is not as great as ethylene primarily due to NO2 reduction via aC3Hs 

(allyl)tNOz$ CH2CHCH20+NO, yet the conversion temperature range is wider than ethane due to 

the greater carbon content of propene introduced into the reactive flow. Propene is initially consumed 

by 02 to produce aC3Hs and HOz. The NOtHO 2 N02+0H reaction provides the initial source of 

OH radicals for propene consumption. Propene is primarily removed by OH tu make aC31-15 and 1120. 

AIlyl is a resonantly stabilized radical that is difficult to oxidize by 02. This may be explained by 

noting the rate determining energy barriers for allyl-02 isomerization to products typically exceed the 

allyltOz incoming energy by at least 12kcaVmoI [36], and given the ca. 20kcal/mol bond strength of 

allyl-02 suggests allyl-02 dissociation will tend to dominate ovel any product formation processes. 

AllyI’s ability to resist 02 oxidative attack allows aC3Hs to react with NO2 via aGHstN022 

CH2CHCHzO+NO analogous to CH,tN02Z CH30tNO. The CHzCHCH20 radical produced by this 

NO2 reduction step then decomposes to acrolein and H-atom and makes this a reactive chain sequence. 

The acrolein is consumed by OH to form CHKHCO and CHCHCHO. The CHzCHCO decomposes 

to CzH3tC0, and CHCHCHO reacts with 02 to make CzH2tCO+HO2. Acrolein is also removed by 

O-atom to produce CHzHCO (vinoxy) and HCO radicals. Interestingly, the acrolein oxidation 

sequence yields radicals typically found in ethylene oxidation [33]. The consumption of C2H3 and 

CH2HCO by 02 yields CH20, HCO, and radicals Like OH, O-atom and I-102. The reaction of 

C3H6+OH jt C3H60H followed by HOC3H6+02* HOGH602 and HOGI-16022 CHLJHCO 

tCH20tOH is of secondary importance to HO2 formation. Propene reactions with O-atom to foml 

C2HstHCO or CHKOtCH, products are of minor importance in the overall propene oxidation 

I chemistry, although these reactions provide additional SOUKXS of HO2 and CH3 radicals. 



Propane shows the greatest NO-NO2 conversion for the lowest temperatures and widest 

temperature range of all five fuels studied both experimentally and computationally. The ability of 

propane to convert NO to NO2 at the lower temperatures is primarily due to the hydroperoxy-propyl 

plus 02 reactions which lead to the production of oxygenates and two OH radicals. The OH radicals 

further consume p~opux through C3Hs+OH 2 iC3H7+HzO and C3HxtOI-I ti nC3H7+HzO. The 

generated propyI radicals react with 02 and leads to two possible general outcomes. The reaction 

could produce I-102 via chemically activated routes of iC3H7+0zF! C3H6+HOz and nC3H7tOzFf 

C3H6+HOz, iC31-17+Ozti iC3H70z followed by iC3H70zF! C3H6tHOz, and nC3H7+02Z nC3H70 

followed by nC3H702 g C3H6tHOz OI the reaction could fxm the stabilized hydroperoxy-propyl (or 

C3H600I1) adduct. The degree of reactivity exhibited in propane is essentially controlled by the 

competition of chemically activated reactions producing HO2 and &fin (i.e., C3H6) Y~WXS the partial 

equilibrium established in the C3H7tOzZ C3H702Z C3H6001-1 reaction sequence as determined from 
Figure t 

reaction flux analysis and suggested by the sensitivity analysis results for NO in Figure 6. The 

stabilized hydroperoxy-propyl adduct readily reacts with 02 and establishes a partial equilibrium with 

OzC3H600H. The OQHsOOH species undergoes internal H-atom abstraction to make 

HOOC3HsOOH (e.g., C(OO.)CCOOH 2 C(OOH)CC.OOH) followed by beta-scission of the O-O 

bond leading to a ketohydroperoxide (e.g., C(OOH)CC*O) and OH radical. The ketohydroperoxides 

primarily. undergo O-O bond scission which leads to further OH radical production, chain branching, 

and propane consumption. The decomposition of the ketohydroperoxidcs tends to increase NO-NO2 

conversion as indicated by the negative sensitivity coefficients shown for the C(OOH)CC*OS 

CHzHCOtCHzOtOH, CC(OOH)C*O”c CH3HCOtHCOtOH, and CC*OCOOHZ 

CH3CO+CHzO+OH reactions. Sensitivity analysis shows hydroperoxy-propyl plus Oz reactions and 

the ketohydroperoxide decomposition reactions play an important promoting role in the NO-NO2 

conversion for piopane. 

The sensitivity analysis results for NOtI. 2 NOztOIi showed a relatively small sensitivity 

coefficient in spite of its importance in promoting NO-NO2 conversion. Reaction flux analysis 

indicates that this reaction dominates I-102 consumption. and thcrcfore a small perturbation in the utc 

constant A-factor leads to a minor effect on the NO convct~sion. ‘The reactions of CCCOO. 01 



CCOO. with NO exhibit larger in magnitude sensitivity coefficients thin NO+HOzZ NOz+OH since 

these reactions reduce the net production of alkyl-peroxy species and, in effect, indirectly limit OH 

radical production thereby showing HOz production as well. 

CONCLUSIONS 

1. 

2. 

1. 

2. 

3. 

4. 

The flow reactor experiment indicated the following results: 

In general, ethylene and propane effectively oxidize NO to NOz while methane and ethane are 

less effective. 

High NOtiNOx ratios are obtained only within a relatively low reaction temperature range, 

though the hydrocarbon consumption is accerelated with increasing the reaction temperature. At 

higher reaction temperatures, the reduction of NO2 to NO is observed at longer residence times. 

The chemical kinetics modeling indicated the following results: 

The kinetic calculation reproduces the experimental results qualitatively for the dependence of 

NO-NO2 conversion with hydrocarbon type and reasonably for that with reaction temperature. 

Highest level of NO-NO2 promotion comes from hydrocarbons that produce reactive radicals 

(i.e., OH, O-atom) which further consume the parent hydrocarbon while at the same time 

producing HOz radicals for NO-NO2 conversion via NO+HOzZ NOz+OH (propane and 

ethylene). 

If parent hydrocarbons (i.e. CH4, C3H6) produce a daughter radicals (i.e., CH3, aC3Hs) that are 

resistant to oxidation by 02 then the daughter radicals will reduce NOs to NO via the reaction 

RtNOzF? ROtNO (R=CH3, aC3Hs). This reaction limits NO to NOz conversion. The 

R+NOzF! ROtNO reaction type was found to be important in the methane and propene studies. 

If the pamnt fuel can be oxidized to CzH4 or CzH3, then NO will be readily promoted to NO2 as 

reactive radicals (i.e., OH, O-atom) and HOz are produced when Czl-I3 is oxidized by 02 

(propene and cthane). 
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FIGURE CAPTIONS 

Figure 1 NOz/NOx ratios i~gainst residence lime obtained by the flow reactor cxpcriment for five 

hydrocarbons at 700K. 

Figure 2 NOz/NOx ratios against residence time obtained by the flow reactor experiment for five 

hydrocarbons at 1000K. 

Figure 3 Comparison between the flow reactor experiment and the chemical kinetic calculation. 

NOz/NOx ratios against residence time for five hydrocarbons at 800K. 

Figure 4 Comparison between the flow reactor experiment and the chemical kinetic calculation. 

Nondimensional hydrocarbon concentrations against residence time for five hydrocarbons at 

800K. (Hydrocarbon concentrations are nondimensionalized to the initial hydrocarbon 

concentrations) 

Figure 5 Comparison between the flow reactor experiment and the chemical kinetic calculation. 

NOz/NOx ratios at the residence time of 1.46 set against the reaction temperature for five 

hydrocarbons. 

Figure 6 Propane sensitivity analysis at 650K. The logarithmic sensitivity coefficient determined by 

perturbing reaction’s pre-exponential term by a factor of 1.3 and calculating the new NO 

value relative to the baseline, unperturbed case. A negative (positive) coefficient indicates 

the reaction promotes (reduces) NO-NO2 conversion. 
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Table 1 
Reaction Mechanism Rate Coefficients 

(Xf = A T**b eq-Ea/KT); cm3, mol, set, and cal/mol) 

REACTION A b Ea Reference 

oh+hZ=h+h2o 2.14Ef08 1.52 3443.0 !Marinov 1995a 
o+oh=o2+h 2.023+14 -0.4 0.0 !Marinov 1995a 
o+hZ=ohth 5.063+04 2.61 6290.0 !Marinov 1995a 
h+o2(+m)=hoZ(+m) 4.52Et13 0.0 0.0 !Marinov 1995a 
low / 1.05E+19 -1.257 0.0 / !Marinov 1395a 
hZo/O.O/ hZ/O.O/ nZ/O.O/ ch4/10.0/ co2/3.8/ co/1.9/ 
h+oZ(+n2)=hoZ(tnZ) 4.523+13 0.0 0.0 !Marinov 1995a 
low / 2.03Et20 -1.59 0.0 / !Marinov 1995a 
hfo2(thZ)=hoZ(thZ) 4.523+13 0.0 0.0 !Marinov 1995a 
low / 1.52ISt19 -1.133 0.0 / !Marinov 1995a 
h+oZ(+hZo)=hoZ(th2o) 4.52E+13 0.0 0.0 !Marinov 1935a 
low / 2.103+23 -2.437 0.0 / !Marinov 1995a 
oh+ho2=hZo+o2 2.133+28 -4.827 3500.0 !Hippler 1935 

dUP 
ohtho2=h2oto2 9.10EC14 0.0 10964.0 !Hippler 1995 

dup 
htho2=ohtoh 
h+ho2=h2+o2 
h+hoZ=o+hZo 
otho2=oZ+oh 
oh+oh=o+h2o 
hth+m=hZtm 
h2o/O.O/ hZ/O.O/ 
h+hth2=h2th2 
h+h+h2o=h2+h2o 
htohtm=h2o+m 

h2o/6.4/ 
htotm=ohtm 

1.50Ef14 0.0 1000.0 !Marinov 1995a 
6.633+13 0.0 2126.0 ! Tsang 1986x 
3.01E+13 0.0 1721.0 !Marinov 1995a 
3.25E+13 0.0 0.0 !Marinov 1995a 
3.57E+04 2.4 -2112.0 !Marinov 1995a 
l.ooE+18 -1.0 0.0 !Marinov 1995a 

9.2OEt16 -0.6 0.0 !Macinov 1995a 
6.00E+19 -1.25 0.0 !Marinov 1995a 
2.21Et22 -2.0 0.0 !Marinov 1995a 

4.71E+18 -1.0 0.0 !Marinov 1995a 
h2o/6.4/ 

ototm=o2tm 
hoZtho2=h202to2 

1.89Ef13 0.0 -1788.0 !Marinov 1995a 
4.203+14 0.0 11982.0 !Marinov 1995s. 

dUP 
hoZ+hoZ=h202to2 1.30E+ll 0.0 -1629.0 !Marinov 1995a 
dUP 
ohtoh(tm)=h2o2(tm) 1.243+14 -0.37 0.0 !Marinov 1995.3 
low / 3.043+30 -4.63 2049.0 / !Marinov 1995a 

troe / 0.470 100.0 2000.0 l,OE+15/ 
hZo2+h=hoZ+hZ 1.98E+06 2.0 2435.0 !Marinov 1995a 
hZoZth=oh+hZo 3.073+13 0.0 4217.0 !Marinov 1995a 
h2o2to=ohtho2 9.55E+06 2.0 3970.0 !Marinov 1995a 
h202+oh=h2otho2 2.40E+OO 4.042 -2162.0 !Marinov 1995a 
ch3+ch3(+m)=cZh6(tm) 9.22E+16 -1.174 636.0 !walter 1990 
low / 1.14Et36 -5.246 1705.0/ !Walter 1990 
tree/ 0.405 1120.0 69.6 l.OE+15/ 

hZo/5.0/ h2/2.0/ co2/3.0/ co/2.0/ 
ch3+h(+m)=ch4(+m) 2.143+15 -0.4 0.0 !Tsang 1986 
low/ 3.31Et30 -4.0 2108.0 / !Marinov 1996 
tree / 0.0 l.OE-15 l.OE-15 40.0/ 
h2o/5.0/ h2/2.0/ co2/3.0/ co/Z.O/ 
ch4th=ch3+hZ 2.203+04 3.0 8750.0 !Miller 1992 
ch4toh=ch3thZo 4.193+06 2.0 2547.0 !Marinov 1995 
ch4to=ch3+oh 6.92Et08 1.56 8485.0 !Marinov 1995 
ch4+hoZ=ch3th2o2 1.12x+13 0.0 24640.0 !Marinov 1995 
ch3+hoZ=ch3otoh 7.00Ef12 0.0 0.0 ! Tree 1993 
ch3+ho2=ch4+oZ 3.00Ef12 0.0 0.0 !Marinov 1995 
ch3+o=chZoi-h 8.00E-1.13 0.0 0.0 !Marinov 1995 
ch3+o2=ch3o+o 1.45Et13 0.0 29209.0 !Klatt 1991 
ch3+oZ=chZo+oh 3.51Eill 0.0 14640.0 !Marinov 1395 



ch3oZ+o=ch3o+oZ 2.60Et13 0.0 0.0 !zellner 1988 
ch3oZ+h=ch3o+oh 9.64EC13 0.0 0.0 !Tsang 1986 
ch3oZ+ch3=ch3o+ch3o 2.40E+13 0.0 0.0 !Tsang 1986 
ch3oZ+hoZ=ch3ooh+oZ 2.29E+ll 0.0 -1550.0 !Atkinson 1992 
ch3ooh=ch3o+oh 6.00Ef14 0.0 42300.0 !Lightfoot 1991 
ch3ooh+oh=ch302+hZo 3.12E+6 2.0 -298.0 !This Study 
ch3oth=ch3+oh l.OOEt13 0.0 0.0 !Marinov 1998 
chZoh+h=ch3+oh l.OOE+13 0.0 0.0 !Marinov 1998 
ch3+oh=chZ(s)+hZo 2.653+13 0.0 2186.0 !Humpfer 1994 
ch3+oh=chZ+h2o 3.00Et06 2.0 2500.0 !Marinov 1996 
ch3+oh=hcohth2 5.483+13 0.0 2981.0 !Humpfer 1994 
ch3+oh=chZo+h2 2.25E+13 0.0 4300.0 !Marinov 1996 
ch3+h=chZ+h2 9.00E+13 0.0 15100.0 !Miller 1992 
ch3+m=chthZtm 6.9OEt14 0.0 82469.0 !Markus 1992 
ch3+m=chZ+htm 1.90Et16 0.0 91411.0 !Markus 1992 
ch3+oh(+m)=ch3oh(+m) 8.70E+13 0.1 0.0 !Fagerstrom 1993 
low/ 8.843+41 -1.4 626.0 / !Marinov 1996 
tree / 0.025 l.OE-15 8000.0 3000.0/ 
h2o /lO.O/ h2/2.0/ co2/3.0/ w/2.0/ 
ch3oh(tm)=ch2(s)+hZo 2.837elO 1.0 89871. !Marinov 1998. 
low / 1.78e49 -8.81 99369./ 
troe /0.9 740. 980. 5100./ 
h2o/lO.O/ h2/2.0/ co2/3.0/ w/2.0/ 
ch3oh(+m)=hcohth2(tm) 4.2e9 1.12 85604. !Marinov 1998 
low / 5.02e47 -8.402 94823./ 
tree/ 0.9 615. 915. 4615./ 
h2o /lO.O/ h2/2.0/ co2/3.0/ co/Z.01 
ch3oh(tm)=ch2o+h2(+m) 2.03e9 1.0 91443. !Marinov 1998 
low /9.784e47 -8.4 101761./ 
tree/ 0.9 825. 1125. 5700./ 
h2o/lO./ h2/2.0/ co2/3.0/ co/2.0/ 
ch3ohtoh=ch2oh+h2o 2.613+05 2.182 -1344.0 !Tsang 1987 
ch3oh+oh=ch3o+h2o 2.623+06 2.056 916.0 !Tsang 1987 
Ch3oh+o=ch2oh+oh 3.88Ef05 2.5 3080.0 !Tsang 1987 

2.1 4868.0 !Tsang 1987 
2.1 4868.0 !Tsang 1987 
0.0 12578.0 !Tsang 1987 
0.45 '4 2600.0 !GRI-Mech2.11 

ch3oh+h=ch2ohth2 1.70E+07 
ch3oh+h=ch3oth2 4.243+06 
ch3oh+ho2=ch2oh+h202 9.64EtlO 
ch2o+h(+m)=ch3o(tm) 5.40Efll 
low/ 1.50Et30 -4.80 5560./ 
tree/ 0.758 ~94. 1555. 4200./ 
h2o/5.0/ 
ch2o+h(+m)=ch2oh(tm) 5.40E+ll 
low / 9.10Et31 -4.82 6530./ 
tree/ 0.7187 103. 1291. 4160./ 
h2o/5.0/ 
ch3ofch3=ch2otch4 1.20Et13 
Ch3oth=ch2o+h2 2.00E+13 
chZoh+h=ch2o+h2 2.00E+13 
ch3o+oh=ch2o+hZo l.OOE+13 
chZoh+oh=ch2oth2o l.OOE+13 
ch3oto=ch2o+oh l.OOE+13 
chZoh+o=ch2o+oh l.OOE+13 
ch3o+o2=ch2o+ho2 6.30E+lO 

0.45 ,4 3600.0 !GRI-Mech2.11 

ch3otco=ch3+coZ 
chZohto2=chZo+hoZ 

dw 

0.0 0.0 !Tsang 1986 
0.0 0.0 !Miller 1992 
0.0 0.0 !Miller 1992 
0.0 0.0 !Miller 1992 
0.0 0.0 !Miller 1992 
0.0 0.0 !Miller 1992 
0.0 0.0 !Miller 1992 
0.0 2600.0 !Miller 1992 

4.683+02 3.16 5380.0 !Wantuck 1987 
1.573+15 -1.0 0.0 !Baulch 1992 

chZoh+oZ=chZotho2 
dup 

7.233+13 0.0 3577.0 !Baulch 1992 

hcoh+oh=hco+hZo 
hcohth=chZo+h 
hcoh+o=coZ+h+h 
hcoh+o=co+oh+h 
hcoh+o2=co+oh+oh 
hcoh+oZ=coZihZo 
hcoh==chZo 

2.00Et13 0.0 0.0 !Marinov 1996 
2.00E+14 0.0 0.0 !Marinov 1996 
5.00E+13 0.0 0.0 !Marinov 1996 
3.00Ei-13 0.0 0.0 !Marinov 1996 
l.ooEt13 0.0 0.0 !Marinov 1998 
l.OOEt13 0.0 0.0 !Marinov 1998 
2.10E+19 -3.0.7 31700.0 !Marlnov 1998 



chZ+oh=ch+hZo l.l3E-i-07 2.0 
chZtoh=chZo+h 2.50Et13 0.0 
chZ+coZ=ch2o+co l.lOE+ll 0.0 
chZi-o=co+hi-h 5.00E+13 0.0 
chZ+o=co+hZ 3.00Ef13 0.0 
chZ+oZ=chZo+o 3,29E+21 -3.3 
chZ+oZ=coZ+h+h 3.29E+21 -3.3 
chZ+oZ=coZthZ l.OlE+Zl -3.3 
ch2toZ=co+h2o 7.283+19 -2.54 
chZtoZ=hco+oh 1.293+20 -3.3 
chZ+ch3=c2h4+h 4.00E+13 0.0 
ch2+chZ=cZh2+hth 4.00Et13 0.0 
ch2+hcco=cZh3+co 3.00Et13 0.0 
chZ+c2h2=h2ccch+h 1.20E+13 0.0 
chZ(s)!-m=chZ+m l.OOE+13 0.0 
h /12.0/ c2h2 /4.0/ hZo/3.0/ 
ch2(s)tch4=ch3+ch3 
ch2(s)tcZh6=ch3tcZh5 
chZ(s)+o2=co+ohth 
ch2(s)thZ=ch3+h 
chZ(s)+c2h2=h2ccch+h 
ch2(s)+cZh4=ac3h5th 
ch2(s)to=co+h+h 
ch2(s)+oh=ch2o+h 
ch2(s)+h=ch+h2 
chZ(s)+co2=ch2o+co 
chZ(s)+ch3=c2h4+h 
ch2(s)+ch2co=c2h4+co 
ch+o2=hco+o 
ch+o=co+h 
ch+oh=hco+h 
ch+coZ=hco+co 
ch+h2o=ch2o+h 
ch+ch2o=ch2co+h 
ch+c2h2=c3h2+h 
chtch2=c2h2+h 
ch+ch3=c2h3+h 
ch+ch4=c2h4th 
ch2o+oh=hco+h2o 
ch2o+h=hcoth2 
ch2o+m=hco+h+m 
ch2o+o=hco+oh 
hco+oZ=ho2+co 
hcotm=h+cotm 

4.00E+13 0.0 0.0 
1,20E+14 0.0 0.0 
7.00Et13 0.0 0.0 
7.00Et13 0.0 0.0 
1.50E+14 0.0 0.0 
1.30E+14 0.0 0.0 
3.00Et13 0.0 0.0 
3.00E+13 0.0 0.0 
3.00Et13 0.0 0.0 
3.00E+12 0.0 0.0 
2.00E+13 0.0 0.0 
1.60E+14 0.0 0.0 
3.30E+13 0.0 0.0 
5.703+13 0.0 0.0 
3.00Et13 0.0 0.0 
3.403+12 0.0 690.0 
l.l7E+15 -0.75 0.0 
9.46Et13 0.0 -515.0 
l.OOE+14 0.0 0.0 
4.00E+13 0.0 0.0 
3.00E+13 0.0 0.0 
6.00E+13 0.0 0.0 
3.433+09 1.18 -447.0 
2.19E+08 1.77 3000.0 
3.313+16 0.0 81000.0 
1.80Et13 0.0 3080.0 
7.583+12 0.0 410.0 
1.863+17 -1.0 17000.0 

h2o/5.0/ h2/1.87/ co2/3.0/ co/1.87/ ch4/2.81/ 
hco+oh=h2o+co l.OOEf14 0.0 0.0 
hco+h=co+h2 1.19Et13 0.25 0.0 
hco+o=co+oh 3.00E+13 0.0 0.0 
hco+o=co2+h 3.00lz+13 0.0 0.0 
co+oh=coZ+h 9.423+03 2.25 -2351.0 
co+ocm=co2+m 6.173+14 0.0 3000.0 
c0+02=c02+0 2.533+12 0.0 47688.0 
cothoZ=coZ+oh 5.80Et13 0.0 22934.0 
cZhfS+ch3=c2h5tch4 5.50E-01 4.0 8300.0 
cZh6fh=cZh5th2 5.40Et02 3.5 5210.0 
c2h6+o=cZh5+oh 3.00E+07 2.0 5115.0 
c2h6+oh=cZh5+hZo 7.23E+06 2.0 864.0 
c2h5+h=c2h4+h2 1.25Ef14 0.0 8000.0 
c2h5th=ch3+ch3 3.00Ef13 0.0 0.0 
c2h5fh=cZh6 3.00Ei-13 0.0 0.0 
cZh5toh=cZh4fhZo 4.00F,+13 0.0 0.0 
cZh5+o=ch3+chZo l.ooEt14 0.0 0.0 
cZh5+hoZ=c2h6+oZ 3.00E+12 0.0 0.0 
c2h5+ho2=ch3ch2o-toh 3.00lz+13 0.0 0.0 
cZh5coZ=cZh4+hoZ 2.891X+28 -5.4 7585.0 

3000.0 !Miller 1992 
0.0 !Miller 1992 

1000.0 !Miller 1992 
0.0 !Miller 1992 
0.0 !Miller 1992 

2868.0 !Marinov 1996 
2868.0 !Marinov 1996 
1508.0 !Marinov 1996 
1809.0 !Marinov 1996 

284.0 !Marinov 1996 
0.0 ! Miller 1992 
0.0 ! Miller 1992 
0.0 ! Miller 1992 

6600.0 ! Miller 1992 
0.0 ! Miller 1992 

! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Canosa-Mm85 
! Canosa-Mas85 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Tsang 1986 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Timonen 1988 
! Timonen 1987 

! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
!Marinov 1996 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Baulch 1992 
! Marinov 1995 
! Warnatz 1984 
! Marinov 1998 
! Marinov 1995 
! Herron 1988 
! Marinov 1998 
! Tsang 1986 
! This Study 



cZh5to2=ch3hco+oh 4.9OE+ll -0.48 8357.0 
c2h51oZ=chZchZooh 5.18E+42 -10.72 8576.0 
c2h5oZ=chZchZooh 2.96Et55 -14.24 37892.0 
cZh5oZ=cZh4+hoZ 7.37E+54 -13.55 41070.0 
c2h5oZthoZ=cZh5ooh+o2 2.29Etll 0.0 -1550.0 
cZh5ooh=ch3chZo+oh 6.00Et14 0.0 42300.0 
chZchZooh=cZh4+hoZ 6.87Et45 -11.09 23227.0 
chZchZooh+o2=hoocZh4oZ l.OOEf12 0.0 -1100.0 
hoocZh402=cqc*o+oh 6.00E+lO 0.0 24500.0 
cqc*o=chZo+hco+oh 6.00Et14 0.0 42300.0 
c2h4+oh=cZh4oh 1.29E+12 0.0 -817.0 
c2h4oh+oZ=hocZh402 l.OOE+lZ 0.0 -1100.0 
hoc2h4o2=chZo+ch2otoh 6.00E+lO 0.0 24500.0 
c2h4toh=cZh3+hZo 2.02E+13 0.0 5936.0 
cZh4to=ch3+hco l.O2E+07 1.88 179.0 
c2h4+o=chZhco+h 3.39E+06 1.88 179.0 
c2h4+ch3=cZh3+ch4 6.62EtOO 3.7 9500.0 
cZh4+h=c2h3thZ 3.36E-07 6.0 1692.0 
cZh4+h(+m)=c2h5(+m) 1.08Et12 0.454 1822.0 
low / 1.112Ef34 -5.0 4448.0 / 
troe / 1.0 l.OE-15 95.0 200.0 / 
h2o /5.0/ h2/2.0/ co2/3.0/ co/Z.O/ 
c2h4(+m)=c2h2+h2(+m) l.EOEt13 0.0 76000. 
low / 1.50E+15 0.0 55443. / 
cZh3+h(+m)=cZh4(tm) 6.10E+12 0.27 280. 
lOw/9.8OE+29 -3.86 3320./ 
tree/ 0.782 208. 2663. 6095./ 
h2o/5.0/ 
c2h3th=cZhZ+h2 4.00E+13 0.0 0.0 
cZh3+o=ch2co+h 3.00Et13 0.0 0.0 
c2h3toZ=ch2o+hco 1.70E+29 -5.312 6500.0 
cZh3+o2=ch2hco+o 5.50E+14 -0.611 5260.0 
c2h3toZ=c2h2+ho2 2.123-06 6.0 9484.0 
c2h3+oh=c2hZ+h2o 2.00E+l3 0.0 0.0 
c2h3tc2h=c2h2tc2h2 3.00Et13 0.0 0.0 
c2h3+ch=chZtcZh2 5.00E+13 0.0 0.0 
c2h3+ch3=ac3h5+h 4.733+02 3.7 5677.0 
c2h3+ch3=c3h6 4.463+56 -13.0 13865.0 
c2h3+ch3=cZhZ+ch4 2.00E+13 0.0 0.0 
c2h2+oh=cZh+h2o 3.373+07 2.0 14000.0 
c2hZ+oh=hccoh+h 5.04E+05 2.3 13500.0 
c2hZ+oh=ch2coth 2.183-04 4.5 -1000.0 
c2h2+oh=cZh2oh l.O2E+12 0.0 463.0 
c2h2toh=ch3+co 4.833-04 4.0 -2000.0 
hccoh+h=chZco+h l.OOE+13 0.0 0.0 
cZhZohtoZ=chocho+oh 2.00Et12 0.0 0.0 
c2hZoh+h=chZhco+h l.OOEt14 0.0 0.0 
c2hZto=ch2tco 6.12Et06 2.0 1900.0 
c2h2to=hcco+h 1.43Et07 2.0 1900.0 
c2hZ+o=c2htoh 3.16Et15 -0.6 15000.0 
c2hZ+ch3=cZhtch4 1.81Etll 0.0 17289.0 
c2hZ+o2=hccotoh 4.00e+07 1.5 30100.0 
c2hZ+m=cZhthtm 4.20E+16 0.0 107000.0 
c2hZfh (+m)=cZh3 (+m) 3.11Etll 0.58 2589.0 
low / 2.25E+40 -7.263 6577.0 / 
tree /l.O l.OE-15 675.0 l.OE+15 / 
h2o /5.0/ h2/2.0/ co2/3.0/ a/2.0/ 
c2h5oh(+m)=ch3tchZoh(+m) 5.713+23 -1.68 94405.0 
low /3.11~+85 -18.84 113095./ 
tree/0.5 550. 825. 6100./ 
h2o/5./ h2/2.0/ co2/3.0/ co/Z.O/ 
c2h5oh(tm)=cZhS+-oh(+m) 2.40Et23 -1.62 99535.0 
low /5.11E+85 -18.80 118768./ 
troe/O.i 650. 800. l.e15/ 
h2o/S./ h2/2.0/ co2/3.0/ co/2.0/ 

! This Study 
! This Study 
! This Study 
! This Study 
! This Study 
! This Study 
! This Study 
! This Study 
! This Study 
! This Study 
! Atkinson 1986 
! This Study 
! This Study 
! Miller 1992 
! Baulch 1994 
! Baulch 1994 
! Marinov 1995 
! Dagaut 1990 
! Feng 1993 
! Marinov 1996 

! Marinov 1997 

!GRI-Mech2.11 

! Miller 1992 
! Miller 1992 
! Marinov 1997 
! Marinov 1997 
!cfm/nmm 1996 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! Marinov 1996 
! Marinov 1996 
! Fahr 1991 
! Miller 1992 
! Miller 1992 
! Miller 1992 
! This Study 
! Miller 1992 
! Miller 1992 
! This Study 
! This Study 
! Marinov 1996 
! Marinov 1996 
! Miller 1992 
! Tsang 1986 
! Marinov 1997 
! Miller 1992 
! myazev 1995 
! Marinov 1996 

!Marinov 1998 

!Marinov 1998 



low/6.68E+82 -18.7 85500./ 
tree/6.7 l.e-15 460. l.e15/ 
hZo/5./ 
cZh50h(tm)=ch3hco+h2(+m) 1.67Ef9 
low /2.04e82 -17.94 111674./ 
tree/0.9 900. 1120. 7500./ 
h2o/5./ 
c2h5ohtoh=c2h4oh+h2o 1.74Efll 
c2h5ohtoh=ch3choh+hZo 4.64Etll 
c2h5oh+oh=ch3ch2o+hZo 7.46E+ll 
cZh5oh+h=cZh4oh+hZ 1.23Et7 
cZh5oh+h=ch3choh+h2 2.58~+7 
cZh5oh+h=ch3chZo+hZ 1.50X+7 
cZh5oh+o=cZh4oh+oh 9.413+7 
cZh5oh+o=ch3choh+oh 1.88E+7 
cZh5oh+o=ch3chZo+oh 1.58E+7 
cZh5oh+ch3=cZh4oh+ch4 1.33E+2 
c2h5ohtch3=ch3choh+ch4 4.443+2 
cZh5oh+ch3=ch3chZo+ch4 1.34Et2 
cZh5ohtho2=ch3choh+h2o2 7.203+3 
cZh5oh+ho2=cZh4ohth2o2 l.OOE+4 
c2h5ohthoZ=ch3chZo+h2o2 2.503+12 
ch3chZotm=ch3hco+h+m 1.163+35 
ch3ch2o+m=ch3+ch2otm 1.353+38 
ch3ch2oto2=ch3hco+ho2 4.00EtlO 
ch3chZo+co=c2h5+coZ 4.683+2 
ch3chZoth=ch3+ch2oh l.OOEf13 
ch3chZoth=ch3hcothZ l.OOE+13 
ch3chZo+oh=ch3hco+h2o l.OOEf13 
ch3choh+oZ=ch3hco+ho2 4.823+14 
dw 
ch3choh+o2=ch3hco+ho2 8.433+15 
dw 
ch3choh+ch3=ic3h7+oh 2.00Et13 
ch3choh+o=ch3hco+oh l.OOEt14 
ch3choh+h=ch3hcoth2 l.OOE+13 
ch3choh+h=ch3+chZoh l.OOEt13 
ch3chohtho2=ch3hco+oh+oh 4.00Et13 

1.0 90820.0 !Marinov 1998 

ch3choh+oh=ch3hcoth2o 5.00E+12 
ch3choh+m=ch3hco+h+m l.OOE+14 
ch3hco+oh=ch3co+h2o 9.243+6 
ch3hco+oh=chZhco+h2o 1.72Et5 
ch3hco+oh=ch3+hcooh 3.00E+15 
ch3hco+o=ch3cotoh 1.773+18 
ch3hco+o=chZhco+oh 3.723+13 
ch3hco+h=ch3co+hZ 4.66E+13 
ch3hcoth=chZhco+hZ 1.85Et12 
ch3hcotch3=ch3co+ch4 3.903-7 
ch3hco+ch3=ch2hco+ch4 2.45Etl 
ch3hco+ho2=ch3co+h2oZ 2.403+19 
ch3hco+ho2=chZhco+h2o2 2.32Etll 
hcooh+m=co+h2otm 2.093+14 
hcooh+m=co2+h2tm 1.35Et15 
hcooh+oh=co2+h2oth 2.623+6 
hcoohtoh=co+h2o+oh 1.85Et7 
hcooh+h=co2thZth 4.24~+6 
hcooh+h=coth2+oh 6.06E+13 
hcooh+ch3=ch4tco+oh 3.90E-7 
hcooh+ho2=cothZoZ+oh 2.40Et19 
hcooh+o=co+oh+oh 1.77Ef18 
ch2hco+h=ch3+hco 5.00Et13 
chZhco+h=ch2co+hZ 2.00Et13 
ch%hcoto=chZo+hco 1.00!z+14 
chZhco+oh=ch2co+hZo 3.00Ef13 
chZhco+oZ=ch2o+co+oh 3.00EtlO 

0.27 600.0 !Marinov 1998 
0.15 0.0 !Marinov 1998 
0.30 1634.0 !Marinov 1998 
1.8 5098.0 !Marinov 1998 
1.65 2827.0 !Marinov 1998 
1.60 3038.0 !Marinov 1998 
1.70 5459.0 !Marinov 1998 
1.85 1824.0 !Marinov 1998 
2.00 4448.0 !Marinov 1998 
3.18 9362.0 !Marinov 1998 
2.90 7690.0 !Marinov 1998 
2.32 7452.0 !Marinov 1998 
2.55 10750.0 !Marinov 1998 
2.55 15750.0 !Marinov 1998 
0.0 24000.0 !Marinov 1998 

-5.83 25274.0 !Marinov 1998 
-6.96 23800.0 !Marinov 1998 

0.0 1100.0 !Hartmann 1990 
3.16 5380.0 !Marinov 1998 
0.0 0.0 !Marinov 1998 
0.0 0.0 !Marinov 1998 
0.0 0.0 !Marinov 1998 
0.0 5017.0 !Marinov 1998 

-1.2 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 !Marinov 1998 

0.0 !Marinov 1998 
0.0 !Marinov 1998 
0.0 !Marinov 1998 
0.0 !Marinov 1998 
0.0 !Marinov 1998 

0.0 0.0 !Marinov 1998 
0.0 25000.0 !Marinov 1998 
1.5 -962.0 !Taylor 1996 
2.4 815.0 !Taylor 1996 

-1.076 0.0 !Marinov 1998 
-1.9 2975.0 !Marinov 1998 
-0.2 3556.0 !Marinov 1998 
-0.35 2988.0 !Marinov 1998 

0.40 5359.0 !Marinov 1998 
5.8 2200.0 !Marinov 1998 
3.15 5727.0 !Marinov 1998 

-2.2 14030.0 !Marinov 1998 
0.40 14864.0 !Marinov 1998 
0.0 40400.0 !Saito 1984 
0.0 60600.0 !Saito 1984 
2.056 916.0 !Marinov 1998 
1.5 -962.0 !Marinov 1998 
2.1 4868.0 !Marinov 1998 

-0.35 2988.0 !Marinov 1998 
5.8 2200.0 !Marinov 1998 

-2.2 14030.0 !Marinov 1998 
-1.9 2975.0 !Marinov 1998 

0.0 0.0 !Marinov 1998 
0.0 0.0 !Marinov 1998 
0.0 0.0 !Marinov 1996 
0.0 0.0 !Marinov 1996 
0.0 0.0 !Baulch 1992 
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874.0 ! Seakins 1993 
! Marinov 1996 

c3h6+h(tm)=ic3h7 (+m) 5.70i3+09 1.16 
low / 1.64Et54 -1~1.1 9364.0 / 
tree / 1.0 l.OE-15 260.0 3000.0 / 
h2o 15.01 h2/2.0/ co2/3.0/ m/2.0/ 
ic3h7foZ=cZcoo 1.75Ef58 -14.89 
ic3h7+o2=c2jcq 7.06Et27 -5.91 
ic3h7+02=c3h6+ho2 1.88E+20 -2.69 
ic3h7+o2=ccycZo+oh 4.54E+4 1.55 
c2coo=c2jcq 6.183+61 -16.03 
c2coo=c3h6+ho2 1.513+72 -18.69 
c2coo=ccyc2o+oh 1.95E+57 -14.99 
cZcoo+ho2=c2cq+o2 2.29E+ll 0.0 
c2cq=c2coj+oh 6.00E+14 0.0 
c2coj=acetone+h 2.00E+14 0.0 
c2coj=ch3tch3hco 4.00E+14 0.0 
c2coj+o2=acetone+ho2 4.90E+lO 0.0 
c2cojtco=ic3h7+co2 4.68~+2 3.16 
cZjcq=ch2hco+ch3+oh 8.19Et7 0.46 
c2jcqto2=ccqcoo 1.08Et31 -6.04 
c2jcqtoZ=cc*ocqtoh 1.15Et27 -4.61 
c2jcqto2=cjcqcq 6.983+30 -6.14 
c2jcq+o2=c*ccqtho2 1.413+42 -9.22 
ccqcoo=cc*ocq+oh 2.463+23 -3.95 
ccqcoo=cjcqcq 4.723+25 -4.89 
cjcqcq=cc*ocq+oh 1.17Et24 -4.71 
cjcqcq=c*ccq+ho2 3.533+20 -2.8 
cc*ocq=ch3co+ch2o+oh 6.00E+14 0.0 
acetone+oh=ch2cotch3th2o 7.233+6 2.0 
acetone+o=ch2cotch3+oh 
acetone+h=ch2co+ch3th2 
nc3h7to2=cccoo 
nc3h7to2=cccho+oh 
nc3h7+o2=ccjcq 
nc3h7to2=c3h6+ho2 
nc3h7+o2=cjccq 
cccoo=c3h6tho2 
cccoo=cjccq 
cccoo=ccjcq 
ccjcq=c3h6+ho2 
ccjcq=ccyc2o+oh 
cjccq=c3h6tho2 
cjccq=cyccco+oh 
ccjcqto2=ccoocq 
ccjcqto2=cjcqcq 
ccjcq+oZ=c*ccq+ho2 
ccjcqto2=ccqc*otoh 
ccqc*o=ch3hco+hco+oh 
cqcc*o=ch2hco+ch2otoh 
ccoocq=cjcqcq 
ccoocq=ccqc*o+oh 
cjcqcq=ccqc*o+oh 
c*ccq=ch2chch2o+oh 
cjccqto2=cooccq 
cjccqto2=cqcc*o+oh 
cjccq+o2=cqcjcq 
cjccq+o2=c*ccq+ho2 
cooccq=cqcc*o+oh 
cooccq=cqcjcq 
cooccq=c*ccqtho2 
cqcjcq=cqcc*o+oh 
cqcjcq=c*ccq+hoZ 
cccoothoZ=cccqfoZ 
cccq=cccoj+oh 
cccojtoZ=cccho+hoZ 
cccoj+co=nc3h7+coZ 

3.00Et7 
5.40Et2 

8.573+46 
2.043+16 
1.453+36 
3.833+26 
3.473+45 
1.883+61 
4.18Et34 
1.613+42 
2.193+30 
l.OlE+20 
1.223+57 
2.233+14 
l.OOE+36 
5.003+34 
8.543+43 
6.133+28 
6.00Et14 
6.00Et14 
3.21E+37 
1.21Et30 
1.41Et33 
6.00Et14 
6.923+28 
1.463+29 
4.813+32 
1.76Et41 
1.81Et18 
4.08Et30 
1.06Et38 
2.373+30 
1.44Et24 
2.29E+ll 
6.00E+14 
1.95E+ll 
4.68E+2 

12608.0 !This Study 
4802.0 !This Study 
7109.0 !This Study 
5000.0 !This Study 

43008.0 !This Study 
51699.0 !This Study 
49595.0 !This Study 
-1550.0 !This Study 
42300.0 !This Study 
21500.0 !Batt 1979 
17200.0 !Batt 1979 

1590.0 !Heicklen 1988 
5380.0 !This Study 

29230.0 !This Study 
5019.0 !This Study 

10312.0 !This Study 
11470.0 !This Study~ 
20724.0 !This Study 
24702.0 !This Study 
26209.0 !This Study 
21921.0 !This Study 
18874.0 !This Study 
42300.0 !This Study 

864.0 !This Studv 
2.0 5115.0 !This Stud; 
3.5 5210.0 !This Study 

-10.79 11555.0 !This Study 
-1.29 18186.0 !This Study 
-7.61 13874.0 !This Study 
-4.44 7724.0 !This Study 
-10.05 19704.0 !This Study 
-14.94 49716.0 !This Study 
-7.33 31801.0 !This Study 
-9.75 35783.0 !This Study 
-6.11 18849.0 !This Study 
-3.36 20038.0 !This Study 
-13.84 43391.0 !This Study 
-1.26 18153.0 !This Study 
-7.67 6314.0 !This Study 
-7.22 13951.0 !This Study 
-9.53 22551.0 !This Study 
-5.05 11272.0 !This Study 

0.0 42300.0 !This Study 
0.0 42300.0 !This Study 

-8.25 34660.0 !This Study 
-5.85 28978.0 !This Study 
-7.14 28454.0 !This Study 

0.0 42300.0 !This Study 
-5.32 4441.0 !This Study 
-5.5 10127.0 !This Study 
-6.71 12303.0 !This Study 
-8.76 20150.0 !This Study 
-2.68 20340.0 !This Study 
-6.24 30612.0 !This Study 
-7.99 40074.0 !This Study 
-6.77 27650.0 !This Study 
-4.03 19130.0 !This Study 

0.00 -1550.0 !This Study 
0.0 42300.0 !This Study 
0.0 1980.0 !This Study 
3.16 5380.0 !This Study 



cccoj+m=cccho+hi~m 3..16E+35 
cccho+.oh=cZh5+coth2o 1, ooE+lo 
cccho+o=c2h5+co+oh 7.24E+12 
cccho+h=cZh5tco+hZ 3.9aw13 
ic3h7+h=c2h5+ch3 5.00!z+13 
nc3h7+.h=c2h5+ch3 l.OOEt14 
c3h6=cZhZ+ch4 2.50Et12 
c3h6=ac3h4+hZ 3.00Et13 
pc3h5+h=c3h6 l.OOE+14 
sc3h5+h=c3h6 l.OOE+14 
c3h6thoZ=ac3h5+hZoZ 9.643+03 
c3h6+oh=hoc3h6 2.923+12 
hoc3h6fo2=hoc3h602 l.OOEt12 
hoc3h602=ch3hco+ch2o+oh 6.00E+lO 
hoc3h6o2+hoZ=hoccqc+o2 2.29Efll 
hoccqc=ch2ohtch3hco+oh 6.00E+14 
c3h6+oh=ac3h5+h2o 2.603+06 
c3h6toh=sc3h5+h2o l.llE+06 
c3h6toh=pc3h5+hZo 2.11Et06 
c3h6to=ch3co+ch3 5.00Ef7 
c3h6+o=c2h5+hco 1.583+07 
c3h6to=ac3h5toh 5.24E+ll 
c3h6to=pc3h5+oh 1.20Etll 
c3h6+o=sc3h5+oh 6.03E+lO 
c3h6th=c2h4+ch3 4.00Et13 
c3h6th=ac3h5+h2 1.733+05 
c3h6+h=sc3h5+hZ 4.093+05 
c3h6th=pc3h5+h2 8.04EtO5 
c3h6+ch3=ac3h5+ch4 2.223+00 
c3h6tch3=sc3h5+ch4 8.433-01 
c3h6+ch3=pc3h5+ch4 1.35E+OO 
c3h6+hco=ac3h5tch2o l.O8E+07 
c3h6+o2=ac3h5+ho2 l.Oe14 
ch3chco+oh=ch2chco+h2o 4.00E+06 
ch3chco+o=ch2chco+oh 7.603+08 
ch3chcoth=ch2chcoth2 2.00E+05 
ch3chco+h=c2h5+co 2.00E+13 
ch3chco+o=ch3+hco+co 3.00E+07 
ch2chchotoh=hoc3h4o 2.923+12 
chZchcho+oh=chchcho+hZo 1.01~~13 
chchchoto2=c2h2+cothoZ 2.00e12 
chchcho=c2hZ+hco l.OOe14 
hoc3h4o+o2=hoc3h403 l.OOEt12 

-5.89 25274.0 !This Study 
1.0 0.0 !This Study 
0.0 1970.0 !This Study 
0.0 4200.0 !This Study 
0.0 0.0 ! Tsang 1988 
0.0 0.0 ! Tsang 1988 
0.0 70000.0 ! Hidaka 1992 
0.0 80000.0 ! Hidaka 1992 
0.0 0.0 !Marinov 1998 
0.0 0.0 !Marinov 1998 
2.6 13910.0 ! Tsang 1991 
0.0 -1000.0 ! Atkinson 1986 
0.0 -1100.0 !This Study 
0.0 26000.0 !This Study 
0.0 -1550.0 !This Study 
0.0 42300.0 !This Study 
2.0 -298.0 !Tsang 1991 
2.0 1451.0 ! Tsang 1991 
2.0 2778.0 ! Tsang 1991 
1.76 76.0 ! This Study 

1.76 -1216.0 
0.7 5884.0 
0.7 8959.0 
0.7 7632.0 
0.0 1302.0 
2.5 2492.0 
2.5 9794.0 
2.5 12284.0 
3.5 5675.0 
3.5 11656.0 
3.5 12848.0 
1.9 17010.0 
0.0 40000.0 
2.0 0.0 
1.5 8500.0 
2.5 2500.0 
0.0 2000.0 
2.0 0.0 
0.0 -1000.0 
0.0 5936.0 
0.0 0.0 
0.0 33000.0 
0.0 -1100.0 

hoc3h403=chZo+chocho+oh 6.00E+lO 0.0 26000.0 
hoc3h4o3+ho2=hoccqcho+o2 2.293+11 0.0 -1550.0 
hoccqcho=ch2oh+chochotoh 6.00Et14 0.0 42300.0 
ch2chcho+oh=ch2chco+h2o 9.24Et6 1.5 -962.0 
chZchchoto=ch2chco+oh 7.243+12 0.0 1970.0 
ch2chcho+o=chZhco+hco 5.01E+07 1.76 76.0 
ch2chcho+h=chZchco+h2 3.983+13 0.0 4200.0 
chZchcho+h=cZh4thco 2.00Et13 0.0 1500.0 
chZchcho+oZ=chZchco+ho2 3.00Et13 0.0 36000.0 
chZchco=cZh3+co l.OOEt14 0.0 34000.0 
ch2chco+o=cZh3+coZ l.OOEt14 0.0 0.0 
ac3h5+oZ=ac3h502 6.98Et22 -4.38 -5119.0 
ac3h5+02=ch2chchotoh 1.82Ei.13 -0.41 22859.0 
ac3h5+02=ac3h4+ho2 4.99E+15 -1.4 22428.0 
ac3h5+o2=ch2hco+ch2o l.o6E+lo 0.34 12838.0 
ac3h5+o2=c2h2fch2otoh 2.78~+25 -4.8 15468.0 

! Tsang 1991 
! Tang 1991 
! Tsang 1991 
! Tsang 1991 
! This Study 
! Tsang 1991 
! Tsang 1991 
! Tsang 1991 
! Tsang 1991 
! Tsang 1991 
! Tsang 1991 
! Tsang 1991 
! This Study 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! This Study 
! This Study 
! This Study 
! This Study 
! This Study 
! This Study 
! This Study 
! This Study 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Bozzelli 1993 
! Bozzelli 1993 
! Bozzelli 1993 
! Bozzelli 1993 
! Bozzelli 1993 

ac3h5o2+ac3h5=ch2chch2otchch2o 2.403+13 0.0 0.0 !This Study 
ac3h5o2+ho2=ac3h502h+oZ 2.29ECll 0.0 -1550.0 !This Study 
ac3h5oZh=ch2chchZo+oh 6.00Et14 0.0 42300.0 !This Study 
ac3h5+~hoZ=chZchchZo+oh l.OOEt13 0.0 0.0 !Tsang 1991 
ch2chch2o-l-o2=ch2chcho+ho2 4.00E+lO 0.0 1100.0 !This Study 
ch2chch2o+co=ac3h5+co2 4.68E+2 3.16 5380.0 !This Study ^ .-. ^_^^ .-. ^~ 



low/ 1.50E+30 -4.8 5560./ 
tree/0.78 94. 1555. 4200./ 
hZo/5./ 
ac3h5+oh=ac3h4+hZo l.OOE-t-13 0.0 0.0 
ac3h5+h=ac3h4thZ 5.00Ef13' 0.0 0.0 
ac3h5+h=c3h6 1.88Ef26 -3.6 5468.0 
ac3h5+o=chZchcho+h 1.81Ef14 0.0 0.0 
ac3h5tch3=ac3hg+ch4 3.02Et12 -0.32 -131.0 
ac3h5tac3h5=c6hlO 3.00Ef47 -8.0 19780.0 
c6hlOtoh=c6h9+hZo 4.16Et6 2.0 -298.0 
c6h9+ho2=ch2chchotac3h5+oh 5.OE+12 0.0 0.0 
pc3h5+oZ=ch3hco+hco 1.09Et23 -3.29 3892.0 
pc3h5fo2=ch3chco+h+o 1.60Et15 -0.78 3135.0 
pc3h5+o=ch3chcoth l.OOEt14 0.0 0.0 
pc3h5+h=pc3h4+h2 2.00Et13 0.0 0.0 
pc3h5+oh=pc3h4+h2o l.OOEt13 0.0 0.0 
pc3h5+h=ac3h5+h l.OOEt14 0.0 0.0 
sc3h5+h=ac3h5+h l.OOEt14 0.0 0.0 
sc3h5+oZ=ch3co+chZo 1.093+22 -3.29 3892.0 
sc3h5+o=ch2cotch3 l.OOEt14 0.0 0.0 
sc3h5+h=pc3h4th2 4.00E+13 0.0 0.0 
sc3h5+oh=pc3h4+h2o 2.00E+13 0.0 0.0 
ac3h4+h=h2ccchth2 2.00Et7 2.0 5000.0 
ac3h4+o=cZh4+co 1.343+07 1.88 179.0 
ac3h4toh=hZccch+h2o l.OOEt7 2.0 1000.0 
ac3h4tch3=h2ccch+ch4 1.50E+O . 3.5 5600.0 
ac3h4=pc3h4 1.483+13 0.0 60401.0 
pc3h4+h=h2ccchth2 2.00E+7 2.0 5000.0 
pc3h4+o=c2h4+co 1.50Et13 0.0 2102.0 
pc3h4+oh=hZccchth2o l.OOE+7 2.0 1000.0 
pc3h4+ch3=h2ccch+ch4 1.50EtO 3.5 5600.0 
pc3h4th=ch3tc2h2 5.12E+lO 1.0 2060.0 
pc3h4+h(+m)=sc3h5(+m) 6.5OEt12 0.0 2000.0 
low / 8.453+39 -7.27 6577.0 / 
ac3h4+h(tm)=ac3h5(+m) 1.20E+ll 0.69 3007.0 
low / 5.563+33 -5.0 4448.0 / 
ac3h4th(tm)=sc3h5(+m) 8.493+12 0.0 2000.0 
low / l.llEt34 -5.0 4448.0 / 
h2ccch+o2=ch2co+hco 3.00EtlO 0.0 2868.0 
hZccch+o=ch2o+c2h 1.40E+14 0.0 0.0 
hZccch+h=c3h2+hZ 5.00et13 0.0 1000.0 
h2ccchtoh=c3h2th2o 2.00Et13 0.0 0.0 
hZccch+ch3=c3h2tch4 2.00E+13 0.0 0.0 
hZccch+h(tm)=ac3h4(tm) 1.663+15 -0.37 0.0 

! Tsang 1991 
! Marinov 1996 
! Marinov 1996 
! Slagle 1992 
! Tsang 1991 
! Tsang 1991 
! This Study 
! This Study 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1996 
! Marinov 1997 
! Marinov 1996 
! Marinov 1997 
! Marinov 1997 
! Marinov 1997 
! Marinov 1997 
! Marinov 1996 
! Marinov 1997 
! Marinov 1997 
! Marinov 1997 
! Wagner 1972 
! Marinov 1996 
! Tsang 1992 
! Marinov 1996 
! Wagner 1972 
! Marinov 1996 
! Miller 1992 
! Pauwels 1995 
! Pauwels 1995 
! Miller 1992 
! Marinov 1997 
! Marinov 1996 

low / 3.36Et45 -8.52 6293.0 / ! Kiefer 1995 
h2o/5.0/ h2/2.0/ co2/3.0/ co/2.0/ 02/2.0/ cZhZ/Z.O/ 
h2ccchth(tm)=pc3h4(+m) 1.663+15 -0.37 0.0 ! Marinov 1996 
low / 8.783+45 -8.9 7974.0 / ! Kiefer 1995 
h2o /5.0/ h2/2.0/ co2/3.0/ w/2.0/ 02/2.0/ c2h2/2.0/ 
c3hZto2=hccotcoth 2.OOEt12 0.0 1000.0 ! Pauwels 1995 
c3hZ+o=c2h2tco l.OOEt14 0.0 0.0 ! Pauwels 1995 
c3hZ+oh=c2h2+hco 5.00Et13 0.0 0.0 ! Miller 1992 
n+no=n2+0 3.50Et13 0.00 330.0 ! GRI-Mech2.11 
n+o2=noto 2.65Et12 0.00 6400.0 ! GRI-Mech2.11 
ntoh=no+h 7.333+13 0.00 1120.0 ! GRI-Mech2.11 
n2o+o=n2+02 1.40Et12 0.00 10810.0 ! GRI-Mech2.11 
n20+0=2no 2.90E+13 0.00 23150.0 ! GRIFMech2.11 
n2o+h=n2toh 4.40E+14 0.00 18880.0 ! GRI-Mech2.11 
n2o+oh=n2+ho2 Z.OOEf12 0.00 21060.0 ! GRI-Mech2.11 
n2o(+m)=n2+o(tm) 1.30lz+11 0.00 59620.0 ! GRI-Mech2.11 
low / 6,20Oe+14 .OOO 56100.00/ 
h2/2.00/ h2o/6.00/ ch4/2.00/ co/l.50/ coZ/Z.OO/ c2h6/3.00/ ar/ .70/ 
no+ho2=noZtoh 2.11E+12 0.00 -480.0 ! GRI-Mech2.11 
no+o+m=no2+m l.O6E+20 -1.410 0.0 ! GRI-Mech2.11 
h2/2.00/ h20/6.00/ ch4/2.00/ co/1.50/ co2/2.00/ cZh6/3.00/ ar/ -70, 
rro2~i~o-noto2 3. POE4.1l2 0.00 -240.0 ! GN-Mech2.11 



noZ+h=no-kuh 1.32iT+14 0.00 360.0 ! GRI-Mech2.11 
nh+o=nol-h s.ooE+13 0.00 0.0 ! GRI-MechZ.11 
nh+h=n+h2 3.20EC13 0.00 330.0 ! GRI-Mech2.11 
nhtoh=hno+h 2.00E+13 0.00 0.0 ! GRI-Mech2.11 
nh+oh=nthZo Z.OOEi-09 1.20 0.0 ! GRI-Mech2.11 
nh+o2=hno+o 4.61Et05 2.00 6500.0 ! GRI-Mech2.11 
nh+oZ=no+oh 1.28E+O6 1.50 100.0 ! GRI-Mech2.11 
nhtn=n2+h 1.50E+13 0.00 0.0 ! GRI-Mech2.11 
nhthZo=hnothZ 2.00E+13 0.00 13850.0 ! GRI-Mech2.11 
nhtno=n2toh 2.16Et13 -.230 0.0 ! GRI-Mech2,Ll 
nhtno=n2o+h 4.16E+14 -.450 0.0 ! GRI-Mech2.11 
nh2to=oh+nh 7.00e+12 .ooo .OO !GRI-Mech2.11 
nh2+o=h+hno 4.60e+13 .ooo .OO !GRI-Mech2.11 
nh2+h=nh+hZ 4.0oe+13 ,000 3650.00 !GRI-Mech2.11 
nh2toh=nh+hZo 9.00et07 1.500 -460.00 !GRI-Mech2.11 
nnh=nZ+h 3.30e+oa ,000 .OO !GRI-Mech2.11 
dUP 
nnh+m=n2+h+m 1.30e+14 -.llO 4980.00 !GRI-Mech2.11 
dup 
h2/2.00/ h2o/6.00/ ch4/2.00/ w/1.50/ co2/2.00/ c2h6/3.00/ ar/ .70/ 
nnhtoZ=ho2tn2 5.00et12 .ooo .OO !GRI-Mech2.11 
nnh+o=oh+n2 2.50e+13 .ooo 00 !GRI-Mech2.11 
nnh+o=nh+no 7.00e+13 .ooo :00 !GRI-Mech2.11 
nnhth=hZtnZ 5.00et13 000 .OO !GRI-Mech2.11 
nnh+oh=h2o+nZ 2.00e+13 :ooo .OO !GRI-Mech2.11 
nnh+ch3=ch4tnZ 2.50e+13 .ooo .OO !GRI-Mech2.11 
h+notm=hnotm 8.95e+19 -1.320 740.00 !GRL-Mech2.11 
h2/2.00/ h2o/6.00/ ch4/2.00/ co/1.50/ co2/2.00/ cZh6/3.00/ ar/ .70/ 
hnoto=notoh 2.50e+13 .ooo .OO !GRI-Mech2.11 
hno+h=hZ+no 4.50e+11 .720 660.00 !GRL-Mech2,ll 
hnotoh=nothZo 1.30et07 1.900 -950.00 !GRI-Mech2.11 
hnoto2=ho2tno 1.00e+13 .ooo L3000.00 !GRI-Mech2.11 
Cnto=co+n 7.70et13 .ooo 00 !GRI-MechZ.11 
cn+oh=nco+h 4.00e+13 .ooo :OO !GRI-Mech2.11 
cn+hZo=hcntoh 8.00et12 .ooo 7460.00 !GRI-Mech2.11 
cn+o2=nco+o 6.14e+12 .ooo -440.00 !GRI-Mech2.11 
cn+h2=hcnth 2.10et13 .ooo 4710.00 !GRI-Mech2.11 
ncoto=notco 2.35e+13 000 00 !GRI-Mech2.11 
nco+h=nh+co 5.40e+13 :ooo :OO !GRI-Mech2.11 
ncotoh=no+h+co 2.50et12 .ooo .OO !GRI-Mech2.11 
nco+n=nz+co 2.00e+13 .ooo .OO !GRI-Mech2.11 
ncoto2=notco2 2.00et12 .ooo 20000.00 !GRI-Mech2.11 
ncotm=n+cotm 8.80et16 -.500 48000.00 !GRI-Mech2.11 
h2/2.00/ h2o/6.00/ ch4/2.00/ w/1.50/ co2/2.00/ c2h6/3.00/ ar/ .70/ 
nco+no=n2otco 2.85e+17 -1.520 740.00 !GRI-Mech2.11 
ncocno=n2+co2 5.70e+18 -2.000 800.00 !GRI-Mech2.11 
hcn+m=h+cn+m 1.04e+29 -3.300 126600.00 !GRI-Mech2.11 
h2/2.00/ h2o/6.00/ ch4/2.00/ w/1.50/ co2/2.00/ cZh6/3.00/ ar/ .70/ 
hcnto=ncoth 1.1le+04 2.640 4980.00 !GRI-Mech2.11 
hcn+o=nh+co 2.77e+03 2.640 4980.00 !GRI-Mech2.11 
hcn+o=cn+oh 2.13e+09 1.580 26600.00 !GRI-Mech2.11 
hcntoh=hocnth l.lOe+06 2.030 13370.00 !GRI-Mech2.11 
hcn+oh=hnco+h 4.4oet03 2.260 6400.00 !GRI-Mech2.11 
hcn+oh=nh2tco 1.60e+02 2.560 9000.00 !GRI-Mech2.11 
h+hcn+m=hZcntm 1.40et26 -3.400 1900.00 !GRI-Mech2.11 
h2/2.00/ h2o/6.00/ ch4/2.00/ co/1.50/ co2/2.00/ cZh6/3.00/ ar/ .70/ 
hZcn+n=n2+chZ 6.00et13 .ooo 400.00 !GRI-Mech2.11 
c+n2=cntn 6.3Oet13 .ooo 46020.00 !GRI-Mech2.11 
ch+n2=hcn+n 2.86e+08 1.100 20400.00 !GRI-Mech2.11 
ch+n2(+m)=hcnn(+m) 3.10e+12 150 .OO !GRI-Mech2.11 
low / 1.300e+25 -3.160 740.00; 
tree/ 6670 235.00 2117.00 4536.00 / 
hZ/Z.OO/ h2o/6.00/ ch4/2.00/ co/l.SO/ co2/2.00/ cZh6/3.00/ ar/ .70/ 
ch2+nZ=hcntnh l.OOC?i-13 ,000 74000.00 !GRI-Mech2.11 
chZ(s)+n2=nh+hcn~ 1.00e+l1 .ooo 65000.00 !GRI-Mech2.11 



C-I-rlO=CO+n 2.90e+1.3 .ooo 
chfno=hcn+o 5.00et13 .ooo 
ch+no=h+nco z.ooe+13 000 
ch+no=n+hco 3.00et13 :a00 
chZ+no=h+hnco 3.10e+17 -1.380 
chZ+no=ohthcn 2.90e+14 m.690 
ch2+no=h+hcno 3.80et13 -.360 
ch2(s)+no=h+hnco 3.10&17 -1.380 
ch2(s)+no=oh+hcn 2.90et14 -.690 
ch2(s)tno=h+hcno 3.80e+13 -.360 
ch3+no=hcn+h2o 9.60e+13 000 
ch3+no=h2cn+oh 1.00et12 :a00 
hcnnto=co+h+n2 2.20et13 .ooo 
hcnn+o=hcn+no 2.00e+12 000 
hcnnto2=o+hco+n2 1.20e+13 :a00 
hcnn+oh=h+hcotnZ 1.20et13 000 
hcnn+h=ch2+nZ 1.00et14 :ooo 
hncoto=nh+coZ 9.80et07 1.410 
hncoto=hnotco 1.50etoa 1.570 
hnco+o=nco+oh 2.20et06 2.110 
hnco+h=nh2tco 2.25e+07 1.700 
hncoth=h2+nco 1.05et05 2.500 
hnco+oh=ncoth2o 4.65et12 .ooo 
hnco+oh=nh2+coZ 1.55e+12 .ooo 
hnco+m=nh+cotm 1.18et16 000 84720.00 !GRI-Mech2.11 
h2/2.00/ hZo/6.00/ ch4/2.00/ co/l.50; co2/2.00/ c2h613.001 ar/ .70/ 

.OO !GRI-Mech2.11 

.OO !GRI-Mech2.11 

.UO !GRI-Mech2.11 

.OO !GRI-Mech2.11 
127O.C!l !GKi-Mech2.11 

760.00 !GRI-Mech2.11 
580.00 !GRI-Mech2.11 

1270.00 !GRI-Mech2.11 
760.00 !GRI-Mech2.11 
580.00 !GRI-Mech2.11 

28800.00 !GRI-Mech2.11 
21750.00 !GRI-Mech2.11 

:00 00 !GRI-Mech2.11 !GRI-Mech2.11 

:00 00 !GRI-Mech2.11 !GRI-Mech2.11 
.OO !GRI-Mech2.11 

8500.00 !GRI-Mech2.11 
44000.00 !GRI-Mech2.11 
11400.00 !GRI-Mech2.11 

3800.00 !GRI-Mech2.11 
13300.00 !GRI-Mech2.11 

6850.00 !GRI-MechZ.l,l 
6850.00 !GRI-Mech2.11 

2850.00~!GRI-Mech2.11 
2120.00 !GRI-Mech2.11 
2890.00 !GRI-Mech2.11 
2000.00 !GRI-Mech2.11 

0.00 !GRI-Mech2.11 
290.00 !GRI-Mech2.11 
-90.00 !GRI-Mech2.11 

9915.00 !GRI-Mech2.11 
955.00 !GRI-Mech2.11 

6460.00 !GRI-Mech2.11 
58500.0 !Glaenzer 1972 

hcnoth=h+hnco 2.10e+15 -. 690 
hcno+h=oh+hcn 2.70eill .180 
hcnoth=nh2+co 1.70e+14 -.750 
hocn+h=hthnco 2.00et07 2.000 
hccotno=hcno+co 2.35et13 .a00 
ch3+n=h2cn+h 6.10e+14 -.310 
ch3tn=hcn+h2 3.70e+12 .150 
nh3+h=nh2th2 5.40et05 2.400 
nh3toh=nh2+hZo 5.00et07 1.600 
nh3+o=nh2+oh 9.40e+06 1.940 
ch3no2(+m)=ch3+no2(tm) 1.78Et16 0.0 
low /1.26Et17 0.0 42000./ 
ch3no2+oh=ch2o+noth2o 3.00E+6 2.0 
ch3noZ+o=chZo+no+oh 1.51E+13 0.0 
ch3no2th=ch2otno+hZ 4.673+12 0.0 
ch3no2+ch3=chZotnotch4 7.08Etll 0.0 
ac3h5+noZ=c3h5no2 1.44Ef50 -12.01 
c3h5no2+oh=ch2chcho+no+h20 2.083+6 2.0 
c3h5noZth=ch2chchotnoth2 1.15Et5 2.5 
c3h5noZtch3=ch2chchotno+ch4 1.48E+O 3.5 
hnoZth=no2+hZ 2.40Ef8 1.5 
hno2+o=noZ+oh 1.70Et8 1.5 
hno2+oh=no2th2o 1.20Et6 2.0 
hno2tch3=noZ+ch4 8.10Et5 1.87 
hno2=hono 1.303+29 -5.47 
hono+ch3=no2+ch4 8.10Et5 1.87 
hono+oh=noZthZo 1.26EtlO 1.0 
hono+o=no2toh 1.21Et13 0.0 
hono+h=no2thZ 1.21Et13 0.0 
honothono=no+no2th2o l.O2E+13 0.0 
notoh(+m)=hono(tm) 2.00Et13 0.0 
low /2.333+23 -2.4 O.O/ 
ohtno2(+m)=hono2(tm) 2.403+13 0.0 
low / 6.42E+32 -5.49 2351./ 
tree/0.525 l.OE-15 l.OE-15 l.OEC15/ 
h2o /5.0/ 

2000.0 !This Study 
5354.0 !Salter 1977 
3732.0 !Ko 1991 

11140.0 !Ballod 1980 
10260.0 !This Study 

-298.0 !This Study 
2492.0 !This Study 
5675.0 !This Study 
5087.0 !Dean 1997 
3020.0 !Dean 1997 
-596.0 !Dean 1997 
4838.0 !Dean 1997 

52814.0 !Dean 1997 
5504.0 !Dean 1997 

135.0 !Dean 1997 
5962.0 !Dean 1997 
7353.0 !Dean 1997 
8540.0 !England 1975 

0.0 !Forster 1995 

0.0 !Tsang 1991 

honoZtoh=no3+hZo l.o3E~i+Lo 0.0 -1240.0 !Lamb 1984 
no3=noto2 2.50E+6 0.0 12122.0 !Johnston 1986 
no2+o+m=no3+m 2.94E~ib21 -2.0 0.0 !Atkinson 1989 
r,i>f~i-no?=="o?+no 9.6OE4~9 0.73 20923.0 !Tsanu 1991 



dw 
no2+no2=no3+“o 
dw 
ch3o+no(+m)=ch3ono(tm) 
low / 2.70X+27 -3.50 O.O/ 
ch3oZtno=ch3o+no2 
cZh5oZtno=ch3chZo+no2 
hoc2h4o2+no=ch2oh+ch20+no2 
ac3h5oZ+no=ch2chch2o+no2 
hoc3h6o2tno=ch2oh+ch3hcotnoZ 
hoc3h4o3+no=chochotchZoh+noZ 
cccootno=cccoj+no2 
c2coo+no=cZcojtno2 
chW+no=ch2o+hno 
ch3chZo+no=ch3hcothno 
chZchch2otno=ch2chchochno 
cccoj+no=ccchothno 
ch3+no(tm)=ch3no(+m) 
low /2.063+27 -3.50 O.O/ 
co+no2=co2+no 
ch3+noZ=ch3o+no 
ch3o+noZ(+m)=ch3onoZ(tm) 
low / 1.40E+30 -4.50 O.O/ 
c2h5tnoZ=ch3chZo+no 
ch2hcotnoZ=ch2o+hcotno 
ac3h5+no2=chZchchZotno 
c6h9+noZ=chZchcho+ac3h5+no 
no2+hoZ=hono+oZ 
ch3o+noZ=chZo+hono 
ch3ch2o+noZ=ch3hco+hono 
ch2chchZo+no2=chZchcho+hono 
cZcoj+noZ=acetonethono 
cccoj+no2=ccchothono 
end 

1.60Et12 0.0 26123.0 !Tsang 1991 

l.ZlE+13 0.0 -322.0 !Atkinson 1992 

2.53F.t12 0.0 -358.0 !Atkinson 1992 
2.53Et12 0.0 -358.0 !This Study 
2.53EC12 0.0 -358.0 !This Study 
2.53Et12 0.0 -358.0 !This Study 
2.533+12 0.0 -358.0 !This Study 
2.53Et12 0.0 -358.0 !This Study 
Z.llE+lZ 0.0 -358.0 
2.11Et12 0.0 -358.0 
6.OOE+13 -0.6 0.0 !Frost 1990 
4.00E+13 -0.6 0.0 !This Study 
4.00E+13 -0.6 0.0 !This Study 
4.00E+13 -0.6 0.0 !This Study 
2.17E+ll 0.6 0.0 !Jodkowski 1993 

9.04E+13 
1.50Et13 
l.ZOEt13 

0.0 
0.0 
0.0 

33782.0 !Tsang 1991 
0.0 !Yamada 1981 
0.0 !Atkinson 1992 

2.703+13 0.0 0.0 !Park 1983 
l.OOEt13 0.0 0.0 !Barnhard 1991 
2.30E+13 0.0 0.0 !Slagle 1981 
2.00Et13 0.0 0.0 !This Study 
6.31E+08 1.25 5000.0 !This Study 
4.00Et12 0.0 2285.0 !McCaulley 1985 
2.70E+12 0.0 105.0 !This Study 
2.7OEt12 0.0 105.0 !This Study 
2.703+12 0.0 105.0 !This Study 
2.7OEt12 0.0 105.0 !This Study 




